In 5G networks, the enhanced mobile broadband, massive Internet-of-things, and ultra-reliable and low latency communications are defined as three use-cases with diverse and strict quality-of-service (QoS) requirements. In order to cope with these objectives, more radical physical layer concepts are needed to comprehend the potential requirements in future wireless systems. This has pushed researchers to look into new paradigms beyond 5G and 6G wireless systems are conceptualized in recent years. One of the promising technologies is the so-called reconfigurable intelligent surfaces (RISs) which convert the wireless channel into an intelligent transmit entity by manipulating the impinging waves using artificial elements in real time. In this paper, the potential benefits of using RISs are investigated for indoor/outdoor setups and various frequency bands (from 2 to 100 GHz). Many RIS-assisted communication scenarios are studied to ensure reliable transmission in deteriorated channels. First, a general propagation model with a single RIS is considered and the effect of the total number of reflecting elements on the probabilistic distribution of the received signal-to-noise ratio and error performance is investigated. Also for this case, the path loss exponent is derived for below and above 6 GHz by considering empirical path loss models. Furthermore, propagation models with multiple RISs are developed and analyzed for indoor and outdoor non line-of-sight (NLOS) scenarios. The bit error performance is evaluated and the relation between error performance and the number of reflecting elements of RISs is determined. RIS selection strategies are also investigated for systems equipped with multiple RISs for the first time. Through extensive simulations, it is demonstrated that the RIS-assisted systems provide promising solutions for indoor/outdoor scenarios at various operating frequencies and exhibit significant results in error performance and achievable data rates even in the presence of system imperfections such as limited range phase adjustment and imperfect channel phase estimation at RISs.
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In light of the above, it is also essential to develop flexible, versatile, and inclusive physical layer solutions in order to support potential requirements of 6G wireless networks. Although researchers have put forward promising solutions for beyond 5G, including index modulation schemes [4] , nonorthogonal multiple access [5] , and alternative waveforms [6] , the overall progress has been still relatively slow in terms of QoS, reliability and security.
In radio communication environments, one of the most deteriorating characteristics of the channel is its random and dynamic nature. However, when the spectrum shortage below 6 GHz frequency bands has taken into account, it is inevitable to migrate to the mmWave (30-100 GHz) and sub-mmWave (above 100 GHz) bands. In higher frequencies above 6 GHz, the signal will be more susceptible to blockage and interference, since collecting high energy in the receiver will be difficult because of small antenna sizes. Therefore, the severe signal attenuation and blockage prevent mmWaves to reach long distances. In order to ensure reliable wireless transmission and to alleviate these disruptive effects at high frequencies, we need to overcome the negative and uncontrollable effects of the wireless channel.
Most of the promising methods for next-generation wireless networks are mainly based on the intelligence or reconfigurability of the building blocks of communication systems. Recently, reconfigurable intelligent surfaces (RISs) have been put forward by researchers to enable the control of wireless environments via their unique and effective functionalities, such as wave absorption, anomalous reflection, polarized reflection, wave splitting, wave focusing, and phase modification [7] [8] [9] . Recent results have revealed that these attractive electromagnetic functionalities are possible without complex operations such as decoding, encoding, and radio frequency (RF) processing and the communication system performance can be enhanced by exploiting the implicit randomness of wireless propagation [10] [11] [12] .
The use of RISs is particularly useful when the line-of-sight (LOS) link is blocked or not strong enough since it is possible to provide additional transmission paths by utilizing the reflecting elements of an RIS. Although it is possible to alleviate the negative effects of the channel using relays, the hardware cost, power consumption and latency increase considerably as the signal has been actively processed at each relay [13] . In addition, real-time controlled phase shifts of each RIS element allow the optimization of certain system performance metrics, such as transmit power, achievable rate, energy efficiency, and received signal-to-noise ratio (SNR) [14] [15] [16] . On the other hand, various secrecy enhancing schemes have been proposed by optimizing the transmit beamformer and RIS phase shifts jointly in [17] [18] [19] . In [20] , the communication through RISs has been investigated in terms of error performance and the symbol error probability (SEP) is derived for a scenario without a direct path between the transmitter and the receiver. However, to the best of our knowledge, a general analysis that elaborates the performance of single and multiple RISassisted systems in indoor and outdoor scenarios as well as under different conditions is missing in the literature.
In this paper, we investigate the performance of single and multiple RIS-assisted systems with or without a direct path between the transmitter and the receiver in indoor and outdoor propagation environments. First, in Section II, we show that the employment of an RIS is a dominant factor in the received signal power even in the presence of a direct communication link. By deriving mathematical expressions for the error performance under both large-scale and smallscale fading effects, we show that the RIS-assisted link acts as a superior LOS path by suppressing the other paths. Furthermore, we investigate the effects of RISs on the path loss exponent (PLE) for the log-distance path loss model [21] , and determine the achievable data rate of an RIS-assisted system under emprical path loss models for below and above 6 GHz operating frequencies. In Section III, we investigate the wireless communications in the presence of multiple RISs under two envisioned scenarios: simultaneous transmission over two RISs in indoor environment and the double-RIS reflected transmission in outdoor environment. We introduce a mathematical framework on the error performance for these two scenarios and demonstrate that the use of multiple RISs can be a remedy for the blockage problem in 6G and beyond systems. We also introduce novel RIS selection strategies for systems equipped with multiple RISs. Finally, we study the RIS imperfections, such as practical phase shifts and phase estimation errors, and demonstrate the robustness of RISassisted systems. Our comprehensive theoretical and numerical results in Section IV show that the transmission through RISs appear as an attractive candidate for indoor/outdoor communication systems at various operating frequencies by suppressing the destructive effects of wireless propagation.
II. COMMUNICATIONS THROUGH A SINGLE RIS
In this section, we consider the wireless communication system as shown in Fig. 1 with a single transmitter/receiver pair and a single RIS. Here, we provide first time a unified error performance analysis that is applicable to various path loss models in indoor and outdoor communication scenarios. Furthermore, the effect of an RIS on the overall path loss is examined in frequency bands below and above 6 GHz.
A. The General Model and Performance Analysis
As illustrated in Fig. 1 , a generic RIS-assisted communication scenario is considered, where the transmission is carried out via an RIS in the presence of a direct path between the source (S) and the destination (D). We assume that the realtime controlled RIS is equipped with N reconfigurable reflect elements that can be adjusted according to channel phases. In Under the condition of slow and flat fading channels, the baseband received signal at D can be expressed as
where p t is the total transmitted power, φ i stands for the controllable phase shift prompted by the ith RIS element under the assumption of unit-gain reflection coefficients, x is the data symbol selected from M -ary phase shift keying/quadrature amplitude modulation (PSK/QAM) constellations with unit power, and w ∼ CN (0, N 0 ) represents the additive white Gaussian noise (AWGN) sample, where N 0 is the noise variance. Additionally, P L (d SD ) represents the path loss of the direct path and P R L stands for the path loss of the RIS-assisted path. Under the specular reflection [22] , P R L will be proportional to total length of the RIS-assisted path
Expressing the channel fading coefficients as h SD = ρe −jµ , h SR i = α i e −jθi and h RD i = β i e −jϕi , where ρ, α i and β i stand for channel amplitudes while µ, θ i and ϕ i denote channel phases, the received signal can be rewritten as
where ∆Φ i = φ i − θ i − ϕ i is the phase difference term for i = 1, ..., N . Therefore, the instantaneous SNR at D is given by
Here, the SNR can be maximized by aligning the phases of the reflected signals from the RIS to the phase of the direct path, that is, ∆Φ i = µ for i = 1, 2, ..., N considering trigonoetric identities [20] . Under this intelligent reflection model with manipulated reflection phases, the maximized instantaneous SNR at D is obtained as
where α i , β i and ρ follow Rayleigh distribution. Using Lyapunov variant of the central limit theorem (CLT) [23] , it can be shown that B, which is the sum of N +1 independent but nonidentical random variables, follows the Gaussian distribution with the following mean and variance:
Since γ follows non-central chi-square distribution with one degree of freedom, its moment generating function (MGF) [24] is obtained as
Considering the generic SEP expression of [25] for M -PSK signaling, we obtain
When binary PSK (BPSK) signaling is used, the average SEP can be simplified as
Here, the average SEP in (7) can be further upper bounded by letting η = π/2:
As shown in Section IV, the average SEP decreases with N 2 for the low p t /N 0 region. Furthermore, we observe from (8) that for sufficiently large N , the effect of the direct path becomes less significant since the signals reflected from the RIS dominates the received SNR. Finally, we note that (8) can be used under different path loss models and generalizes the SEP derivations of [11] .
B. Performance under Empirical Path Loss Models for Outdoor Applications: Below and Above 6 GHz
In this subsection, we examine the effect of an RIS on the overall path loss between S and D in frequency bands below and above 6 GHz for the scenario of Fig. 1 . Empirical path loss models for outdoor communication scenarios have been taken into account to assess the potential of RIS-assisted systems. Then, the impact of an RIS on the PLE and achievable data rate is observed under the empirical transmission scenarios. 
1) Urban Micro (UMi) Path Loss Models with a Single RIS:
In order to assess the potential of an RIS over an empirical transmission environment, we consider the 3GPP UMi [26] and 5G UMi-Street Canyon [27] path loss models. As a reference, a single transmitter/receiver setup with a non LOS (NLOS) transmission path is considered. At the 2-6 GHz frequency band and S-D distance ranging from 10 m to 2000 m, 3GPP UMi path loss models are respectively expressed for LOS and NLOS transmission as [26] The received signals at D for the RIS-assisted scenarios with N reflecting elements is obtained as in (1) 
, that is, assuming LOS links for RISs. By considering the same analysis in (3) and assuming NLOS path-loss between S and D, the received SNR (γ) expressions for direct transmission and RIS-assisted models are respectively given by
The achievable data rate expressions for the direct transmission and a single RIS-assisted system are given by For the RIS-assisted scenario, the achievable data rate is maximized by aligning the phases of the reflected signals from the RIS to the phase of the direct path with ∆Φ i = µ for i = 1, 2, ..., N as in (4), where µ is the phase of the direct path. In Fig. 2 , achievable data rates under 3GPP and 5G UMi path loss models are respectively given with respect to varying horizontal distance (d H ) between S and RIS for d SD = 2d H , d V = 10 m, N 0 = −95 dBm. The results are obtained for an operating frequency of 2.4 GHz for the 3GPP UMi path loss model, while 60 GHz is considered for the 5G UMi-Street Canyon path loss model. For these two models, increasing N provides a significant gain in terms of the achievable data rate and the effect of NLOS channel is suppressed by the strong paths stemming from the RIS under specular reflections. Particularly, as shown in Fig. 2(b) , the achievable rate shows a rapid downfall in increasing distances, since the signals in the mmWave bands are more susceptible to blockage. In addition, while the achievable rate diminishes for higher distances than 60 m in the direct transmission case, a significant improvement is obtained in coverage for the RIS-assisted system at 60 GHz. Even in the presence of an RIS with N = 1, a high achievable rate is provided for both models, which should be critical for next-generation wireless networks operating in these bands.
2) Analysis of Path Loss Exponent Under RISs: Here, we investigate the variation of the average path loss with respect to distance in an RIS-assisted communication channel and the effect of an RIS on PLE under the log-distance path loss model for different number of reflecting elements.
For simplicity, we assume that RIS-elements reflect signal with unit-gain reflection coefficients (|Γ| = 1) and in a such way that all the signals coming through different paths are aligned in phase at the receiver. We also assume omnidirectional, unit gain antennas in both transmitter receiver. 3GPP UMi and 5G UMi-Street Canyon path loss models, which are discussed in previous subsection, are utilized to express the path loss of each path, including direct NLOS and RIS-assisted paths. Then, total received power for a 
where d i is the total propagation distance of the ith path, p t is transmitted power, P L (d i ) is UMi path loss calculated for ith path. The average path loss is obtained as the ratio of p t and p r (d) using (13):
PLE (n) is then calculated by employing log-distance path loss model [21] :
where d 0 is the reference distance.
The effect of an RIS on path loss is investigated for the scenario depicted in Fig. 1 for d V = 10 m and d SD from 10 m to 200 m with N = 1, 4 and 16. The calculated total path loss is shown in Fig. 3 with LOS and NLOS UMi path loss models at 2.4 and 60 GHz. We observe that path loss of the RIS-assisted scenario with N = 1 converges to the system modeled with UMi LOS when d SD gets larger compared to d V , whereas it performs better when the distances are relatively small. Even in an RIS with a single reflector, a superior path loss is obtained over the LOS system for a closer (d < 40 m) distance because of the constructive effect from the NLOS path. Due to the fact that NLOS path loss increases with n = 3.67 for 3GPP UMi model and n = 3.1 for 5G UMi model by distance, the constructive effect of the NLOS path becomes negligible for larger (d > 100 m) distances. NLOS constructive effect becomes even smaller for an RIS with multiple reflectors, where the path loss reduces inversely by the square of the number of RIS elements, which is in agreement with (8) and [20] .
PLEs are calculated for different reference (d 0 ) and maximum (d max ) distances for different number of reflectors and listed in Table I . Our results indicate lower PLEs for smaller distances, where the constructive effect of the NLOS path is significant; whereas PLE approximates to the PLE of the LOS UMi channel model (n LOS = 2.2 for 3GPP UMi model and n LOS = 2.1 for 5G UMi) for larger distances, where the effect of the NLOS path becomes negligible (d > 50 m). Our analysis shows that the LOS path loss and PLE are achievable even in the presence of obstacles blocking the LOS path between the transmitter and the receiver. In other words, an RIS transforms the wireless propagation environment into a controllable entity by providing LOS-level path loss even in NLOS propagation environments.
III. WIRELESS COMMUNICATION THROUGH MULTIPLE RISS
In future wireless sytems, the ubiquitous communications of many devices with various sizes are envisaged. However, it may not be reasonable to use multiple antennas or high-power consuming components in those devices to enable reliable and high-speed wireless transmission. Therefore, it becomes necessary to transfer this cost from wireless devices to the available RISs in propagation environments, where we can increase the number of RISs in a more flexible manner. It is worth noting that although many RIS-assisted systems have been investigated in recent times, the communication scenarios with multiple RISs have not been explored in a comprehensive manner so far. Within this perspective, the use of multiple RISs may have the potential to bring more promising advantages in terms of QoS, reliability and flexibility in the system design.
In this section, we conduct performance analysis of multiple RISs under two envisaged scenarios, namely, i) simultaneous transmission over two independent RISs in indoor environments and ii) double-RIS reflected transmission over a single link in outdoor environments. Under these multiple RIS-assisted transmission scenarios, we derive a generalized mathematical framework on the error performance which is valid for various path loss models.
A. Case Study I: Indoor Communications with Multiple RISs
In our first case study, we consider the indoor communications model of Fig. 4(a) , where the direct path between S and D is blocked owing to the obstacles and the signal transmission is accomplished over two independent paths supported by two different RISs. This indoor scenario includes typical open and closed large office environments with a maximum S-D separation of 100 m.
In this setup, d SR k and d R k D respectively represent the distances of S-to-kth RIS and kth RIS-to-D for k = 1, 2. Furthermore, small-scale fading coefficients of the S-to-kth RIS and kth RIS-to-D channels are denoted by h SR k i ∼ CN (0, 1) and h R k D i ∼ CN (0, 1) for i = 1, 2, ..., N and k = 1, 2, respectively.
Under the condition of slow and flat Rayleigh fading channels, the baseband signal at D is given by (2) j in terms of their amplitudes and phases. Therefore, (16) can be expressed as 17) where
are phase difference terms. We assume that each reflecting element behave as an specular reflector, thus received signal power is proportional to the total distances of the links:
For simplicity, distances of the first and second paths are accepted as equal: P R L = P R1 L = P R2 L . The instantaneous SNR at D can be expressed as
In (18), the SNR is maximized with the phase alignment satisfying ∆Φ 1 = ∆Φ 2 , for all i = 1, 2, ..., N and j = 1, 2, ..., N ; therefore, the maximized SNR can be obtained as in (4):
. (19) It should be noted that α ) variance for N 1. It is worth noting that γ will have the same distribution regardless of the type of small-scale fading due to the CLT. Using the MGF approach and following the same steps as in Section II with (8) , upper bounded SEP for BPSK can be obtained as
We can generalize this simultaneous transmission scenario with two RISs to the general case of K independent RISs. If each independent RIS consist of N reflector elements, the generalized SEP is expressed as follows for BPSK:
While the error performance is inversely proportional to (2N ) 2 in the two RIS-assisted transmission, the simultaneous transmission in the presence of K different RISs provides
where KN is the total number of reflectors in the system. In (22) , it is observed that the error performance is inversely proportional to (KN ) 2 , which provides more flexibility in design when the RIS sizes are limited in indoor environments. In other terms, instead of employing a single large RIS, the same performance can be provided by multiple smaller RISs, which is better suited to indoor applications.
B. Case Study II: Outdoor Communications with Multiple RISs
The system model of the double-RIS reflected transmission in outdoor propagation environment is illustrated in Fig. 4(b) . The outdoor scenario includes typical dense urban environments with a minimum S-D separation above 100 m. In this scenario, since the direct path between S and D is blocked, the signal is transmitted via two RISs located near to S and D. This system can be used toalleviate the shortcomings of the use-cases that may arise particularly in outdoor environments in 6G and beyond communications systems, especially in mmWave and THz bands. For instance, if it is desired to convey data in an outdoor environment over a long-distance, at high frequencies, the signal can be attenuated or lost due to many obstacles in between. In this case, the nearest RISs, which are equipped with N reflecting elements, are chosen by S and D for transmission, and communication is carried out by these RISs. We later show that using two RISs, the wireless environment is transformed into a virtual MIMO system. The double-RIS reflected transmission scenario includes a single path from S to D. The channels between S-to-RIS 1 and RIS 2-to-D can be modeled as deterministic LOS channels while the channel between ith element of RIS 1-tojth element of RIS 2 is modeled by Rayleigh fading, where h R1R2 ij ∼ CN (0, 1) for i = 1, 2, ..., N and j = 1, 2, ..., N . Distance of the S-to-RIS 1, RIS 1-to-RIS 2 and RIS 2-to-D is respectively denoted by d SR1 , d R1R2 and d R2D . d SR1 and d R2D are sufficiently small such that small-scale fading can be ignored. From the standpoint of channel amplitudes and phases, h R1R2 ij can be expressed as h R1R2 ij = β ij e −jϕij . The baseband signal at D is obtained as follows:
is as defined in (16) . Then, the instantaneous SNR at D can be easily calculated as
SNR at D is maximized with the phase elimination (φ 1, 2, ..., N and j = 1, 2, ..., N ) . Conse-quently, the maximized SNR is obtained as
where A follows Gaussian distribution with N 2 P R L ( π/4) mean and N 2 P R L (1−π/4) variance due to the CLT for N 1. Then, following the same steps as in previous sections, the upper bounded SEP for BPSK can be obtained using (8) as
As can be seen from (26), in the low SNR region, the error performance of the double-RIS reflected transmission systems (P e ) can be approximated by
The term N 4 in (27) brings a significant improvement in error performance due to the virtual N × N MIMO channel created between RIS 1 and RIS 2. It should be also noted that (26) can be used for various path loss models directly, while for other small-scale fading models, only slight modifications are required using the MGF approach due to the CLT.
C. RIS Selection Strategies
Although it is possible to improve the QoS using multiple RISs in future wireless networks, this will increase the overall complexity and render simultaneous phase adjustment a challenging task. By utilizing RIS selection over multiple RISs, a low-complexity and cost-effective transmission can be provided while many advantages of multiple RIS-assisted systems are preserved. For this purpose, we propose the novel concept of RIS selection for the communication scenarios of Fig. 5 . As shown in Fig. 5(a) , K RISs are placed in an indoor propagation environment, where each RIS has N reflecting elements. Here, d SR k and d R k D respectively represent the distances of S-to-kth RIS and kth RIS-to-D for k = 1, 2, . . . , K. Furthermore, small-scale fading coefficients of the S-to-kth RIS and kth RIS-to-D channels are denoted as in (17) by
. . , N and k = 1, . . . , K, respectively. The received SNR of the signal transmitted through only the kth RIS (γ k ) is calculated as
where
is the phase difference for the kth path. Considering the maximized SNR values as in (18) , an RIS selection is conducted over K RISs to choose the RIS, which has highest SNR, for transmission as γ In = max(γ max,1 , γ max,2 , . . . , γ max,k )
where γ In is the maximized received SNR for RIS selection based system in indoor environment and γ max,k is the maximized SNR of the kth path with proper phase adjustment.
Here, we focus on the selection of a single RIS while a generalization might be straightforward. The generalized system model of the RIS selection based outdoor communication system is illustrated In Fig. 5(b ). In this model, we assume K S and K D RISs, respectively, within the proximity of the transmitter and receiver. Here, the distances of S-to-RIS k, RIS k-to-RIS l and RIS l-to-D are respectively denoted by d SR k , d R k R l and d R l D for k = 1, . . . , K S and l = 1, . . . , K D as in (23) . In this setup, K S × K D possible transmission paths are available for communications. By selecting the path that has the highest SNR, the overall cost can be reduced using a single RIS for each terminal. As in (25) , the maximized SNR is obtained for each path as γ k,l max . Therefore, RISs selection for outdoor environment is conducted over K S × K D paths as where γ Out is the maximized received SNR for RIS selection based systems in outdoor environment.
IV. NUMERICAL RESULTS
In this section, we used simulation models and studied the effects of various RIS applications taking into account path losses and channel fadings.
In Fig. 6 , we show the bit error rate (BER) of the single-RIS assisted scheme of Fig. 1 versus p t /N 0 , where p t is of the power consumed for transmission, and d SD = 100 m and d SR = d RD = 50 m. In order to make a fair comparison, we assume that the unit power is consumed for all systems (p t = 1) and BPSK is employed. In all simulations, path loss is modeled as inversely proportional to the square of the total distance, such as P R L = (d SR + d RD ) −2 . As clearly seen, the simulation and analytical BER results in (7) are in close agreement for high N values due to the CLT. By doubling the number of reflectors, approximately a 6 dB improvement in the required SNR is achieved, P e is inversely proportional to N 2 as observed in (8) .
In Fig. 7 , we demonstrate the transformative effect of an RIS on the propagation medium. In this comparison, BER analysis of two different RIS-assisted systems with and without direct path is performed, where distances of the paths are assumed as the same as in Fig. 6 . It is clearly seen that in the presence of a single RIS, the maximized SNR of (4) leads to a significant improvement in the error performance. In addition, when the total number of reflectors (N ) increases, the difference in BER for these two systems diminishes. This indicates that the increase in N suppresses the effect of the direct path. In other words, even a single RIS with sufficiently large number of reflecting elements RIS can provide an effective solution even if the LOS path is blocked.
In Fig. 8 , the analytical error performance of systems with single and two RISs is examined by making comparisons with a reference system utilizing only direct transmission under AWGN and Rayleigh fading channels. The distances are taken as d SD = 100 m and d SR = d RD = 50 m in the single RIS-assisted system, d SR1 = d SR2 = d R1D = d R2D = 50 m in two simultaneous RIS-assisted setup, and d SR1 = d R2D = 5 m and d R1R2 = 90 m in double-RIS reflected transmission scenario. The double-RIS system provides a better error performance than the other setups, since P e is inversely proportional to the fourth power of the number of reflectors (P e ∝ N −4 ) while we have P e ∝ (2N ) −2 in simultaneous transmission scenario over two RISs and P e ∝ N −2 in a single RIS-assisted system for low p t /N 0 values. It should be noted that the double-RIS reflected scheme is the most challenging scheme in its design while offering a far better error performance than the others. In a nutshell, significant performance gains are obtained with respect to the AWGN channel using single or multiple RISs. In other words, it is possible to convert a Rayleigh fading channel to a super communication channel that acts as a non-fading one by intelligent reflections. It can be also stated that the direct path is transformed into an N ×N virtual MIMO channel with the help of RISs, located close to the transmitter and receiver and each of which contains N reflectors in the double-RIS reflected transmission setup. In Fig. 9 , we implement RIS selection strategies for the indoor and outdoor scenarios depicted in Fig. 5 . First, we consider the indoor transmission with three available RISs by selecting the best RIS from (29) . Instead of a single RISassisted transmission for d SR = 25 m and d RD = 25 m, the best path can be selected among the three possible paths with the following distances: d SR1 = 25 m, d R1D = 25 m, d SR2 = 10 m, d R2D = 45 m, d SR3 = 20 m and d R3D = 30 m. As shown in Fig. 9(a) , the RIS selection based transmission provides a better error performance than single RIS-assisted systems when the direct path is blocked for N = 4 and 16. Furthermore, our RIS selection strategy enables a flexible transmission in outdoor propagation environment when the LOS path is blocked. When two RISs are available for both the transmitter and the receiver (K S = 2 and K D = 2), transmission can be carried out over four possible links (K S × K D = 4). In this case, the RIS pairs that provide the highest SNR value are selected by using (30) and transmission is provided via a single path. Using the system models in (23), the distances for the four possible paths are assumed as follows: d SR1 = 10 m, d SR2 = 5 Fig. 6(b) , an improved error performance is obtained under RISs selection with respect to single and multiple-RIS assisted systems while the overall system complexity and phase adjustment costs are decreased. Here, the most dominant factor in the RIS selection is the path loss rather than small-scale fading. Under same fading conditions, the best way to ensure a reliable transmission is choosing the shortest path for transmission. In order to give useful insights into the practical implementation of RISs, we consider the practical reconfigurable metasurface designed in [28] . This metasurface is capable of adjusting reflection phases from −150 • to 140 • for |Γ| = −1 dB. In Fig. 10(a) , under a single RIS-assisted scenario, an error performance comparison is given for this RIS and the ideal one, which is capable of reflecting the signal within the [−180 • , 180 • ] phase range for |Γ| = 0 dB. We observe that even in the case of non-ideal RIS-assisted transmission, there will be no significant changes in error performance. Another problem that may be encountered in real world applications is the imperfect estimation of the channel phase. This imperfect phase estimation results in the worsening of the received SNR by preventing the constructive combination of received signals. It is assumed that the phase estimation errors follow a zeromean von Mises distribution with the concentration parameter κ [29] , where κ is a measure of the estimation accuracy. In Fig. 10(b) , a single RIS-assisted system under imperfect and ideal phase estimation is investigated in terms of the error performance for varying κ and N values. Although small κ values lead to a degradation in error performance, this effect is less noticeable for large N and κ.
V. CONCLUSIONS
In this paper, we provide unique RIS-oriented solutions for potential communication scenarios that may emerge in 6G and beyond wireless networks. In this context, we investigate a number of RIS-assisted systems with single or multiple RISs, in terms of error performance, achievable data rate and path loss characteristics in indoor and outdoor environments. To our knowledge, for the first time, our paper explores the effect of RISs on the overall path loss under empirical path loss models and the cases of multiple RISs, as well as RIS selection strategies, using a unified error performance framework. Our simulation results indicate that RIS-assisted link acts as an LOS path by suppressing the effect of NLOS paths when the number of reflecting elements increases and double-RIS reflected transmission further improves the performance. In other words, one can eliminate the need for LOS transmission utilizing emerging RISs and multiple RIS-assisted systems may be a potential remedy for future dense wireless networks. We also note that the analysis under MIMO setups and THz bands appear as interesting future research directions. To sum up, the communication with real-time controlled RISs can be considered as an exciting technology to meet the demands of 6G and beyond wireless networks.
